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1

TANK CONTAINER FOR TRANSPORT AND
STORAGE OF CRYOGENIC LIQUEFIED
GASES

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/377,629, filed Aug. 8, 2014; which 1s a
National Stage Application under 35 U.S.C. § 371 of PCT/
EP2013/052559 filed on Feb. 8, 2013; which claims priority
to the Slovenian International Patent Application
S1201200040 filed on Feb. 10, 2012; all of which are hereby

incorporated by reference in their entirety as if fully set

forth.

DESCRIPTION

The 1mvention relates to the development of cryogenic
equipment for transport and storage of liquefied gases where
the family of cryogenic equipment for transport and storage
consist of horizontal and vertical vessels and transportable-
mobile equipment 1n ISO containers. The invention specifi-
cally relates to a tank container for the transport and storage
of cryogenic liquefied gas, comprising a framework and a
cylindrical vessel connected to the framework.

KNOWN STAIE OF DEVELOPMENT

The current existing technological solutions based on
technologies of performance of traditional msulation, which
are also applicable 1n other 1nsulation applications, such as
the use of vacuum 1insulated cryogenic vessels with appli-
cations to storage and transport containers and expanded
foam, expanded glass, perlite and similar inorganic materi-
als. The traditional 1nsulation of cryogenic tanks 1s consid-
ered to still require a signmificant low vacuum for successiul
operation. Insulation based on nanostructure gels has
already achieved 1n atmospheric pressure values of insula-
tion, which are better than 1n comparable existing materials,
but the available potential and properties that are not to be
found 1n conventional matenials 1s exploited in this applica-
tion.

Cryogenic gases are stored n liguid form at extremely
low temperatures. Fields of application are expanding along
with increased technological possibilities 1n the industry and
energy supply. Of the liquefied gas used most are liquefied
natural gas, liquefied nitrogen, liquefied oxygen, argon and
CO,. The temperature of liquefied gas goes down to —196°
C. (iqud nitrogen—ILIN), oxygen (LOX) and argon (LAR),
natural gas (LNG) at -163° C., carbon dioxide (LCO,) 1s the
warmest with temperatures ranging from —-40° C. down to
-80° C.

The mtroduction of the liquefied methane imndustry i the
supply system and group of consumers 1n some countries of
the world (Brazil, Indonesia) achieved a remarkable delivery
volume. Expansion of gas pipeline network 1s capital inten-
sive and 1s diflicult 1n areas with low consumption popula-
tion density; the supply of liquefied gas provides the intro-
duction of gas 1n areas where the supply pipeline 1s possible
only after a long period of growth in consumption. Intro-
ducing the use of liquefied natural gas 1n transport would
significantly reduce the pressure on the market of liquid
tuels. The presence of such equipment solutions on the
market facilitates the development of such means of trans-
port and facilitates the 1ssue of pollution from particulates
and pollutant gases 1n urban and densely populated regions,
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where the work force carry out hundreds of kilometers of
journeys per day. The supply of natural gas as an energy
provider has taken place so far exclusively through primary,
secondary and tertiary networks of gas pipelines. Construc-
tion of gas pipelines 1s capital intensive and requires at least
a basic supply of gas to enough powertul customers. This
condition 1s unavailable in many locations 1n a real short
time. Alternative 1n this regard 1s the introduction of LNG 1n
smaller tanks, which would provide for such monthly con-
sumption at the specified location (a small ndustry or
residential area) for the supply of liquefied gas would need
modified mobile containers for the transport of liquefied gas
to the local reservorirs.

For storage and transport of liquefied gases have hitherto
been used tanks or tank containers with superinsulation
features (thermal conductivity of the insulation material
below 0.020 W/mK) realized by a double-vessel design
wherein the space between the two vessels 1s vacuumed.
Production of such double container and vacuuming of the
dead space i1s technologically very demanding and expen-
sive. Thus, the container must be serviced annually for
vacuuming dead space, which can last several weeks, while
all the time necessary for restoring the msulation the tank 1s
useless.

The underlying problem of the present invention 1s there-
fore to provide a transport or storage tank, specifically a tank
container for cryogenic gases like LNG, LOX, LIN or LAR,
which allows for a high transport capacity, a low tare weight,
a superinsulation arrangement with low maintenance and a
simple structural design suitable for a high temperature
difference between the tank vessel and the framework.

SUMMARY OF THE INVENTION

This problem 1s solved by a tank container according to
claim 1. Such a tank container for the transport and storage
of cryogenic liquefied gas, comprises a framework and a
cylindrical vessel connected to the framework, wherein the
vessel 1s covered by a superinsulation arrangement based on
an aerogel composition, and the vessel 1s connected to the
framework by an insulating clamping device which 1s
adapted to allow for a relative movement between the
framework and the vessel due to thermal expansion or
contraction of the vessel.

Further embodiments of the present invention are indi-
cated 1n the claims 2 to 135, the following description and the
drawings.

ADVANTAGES OF THE INVENTION

The equipment based on the mmvention differs from the
current solutions in the technology of 1nsulation: The 1nsu-
lation 1s improved, the storage time 1s prolonged, manufac-
turing times are shortened, reduced material 1n quantity and
the need for vacuum as the traditional technology of insu-
lation 1s eliminated.

The mtroduction of new technologic procedures, new
materials and new composites contribute to the solution of
technological difliculties, which are not satisfactorily
resolved (thermal bridges on supports, losses on functional
piping and valves, etc.). In the production significant time 1s
saved due to shorter timing between manufacturing opera-
tions. The vacuum insulated vessel requires needs two
shells—an outer and an inner shell capable of operation
under pressure conditions. The result 1s double quantity of
material and at least double mass of the vessel. The manu-
facture of two complex vessels takes at least double time
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(the cryo temperature set due to exquisite complexity range
the highest requirements). Also the process ol establishing
vacuum 1s slow, and the problem of maintaining vacuum
remains. A great portion of time dedicated 1n the production
of vacuum 1nsulated vessels 1s necessary for the vacuuming
process. In addition to this the vacuum through time 1s lost
and regular vacuuming 1s necessary. The established solu-
tions require repeated vacuuming every 290 to 365 days.
The process of vacuuming takes some 250 to 550 hours. The
vessel insulated with the solution presented 1n the innovation
can be manufactured in shorter time—a single pressure
vessel, lighter—the mechanical protection 1s one tenth of the
vacuum protection, less sensitive to mechanical and fire
loads.

The developed procedures allow significant saving in
material with the lighter vessel shell, faster installation of the
insulation and better control over local deviations, the pos-
sibility of mnsulation of connecting piping all contribute to
evaporation rates under 0.38% of full load per day.

The installation of cryogenic vessels in container frames
enables multimodal transport within the scope of ADR
(road) and RID (rail) and IMDG (sea). Such an implemen-
tation can relieve the road transportation and enable access
to specific locations.

DESCRIPTION OF THE INVENTION

The cryogenic insulation 1s suitable for cryo temperatures
and also demonstrates 1in case of flammable gases fire
resistance. During the filling the liquefied gas at temperature
of gas —-186° C. (LIN) to -161° C. (LNG) at ambient
pressure. During transport or longer storage the temperature
would raise to —135° C., and the pressure 1n the vessel rises
to 6 bars due to heat transfer from the ambient through the
insulation. This 1s the limited pressure where the safety relief
valves start to operate or we need to direct the gas to
immediate consumption. The isulation i1s very important
for the function of the tank. For the stationary storage tanks
the quantity of evaporated gas 1n a period of time 1s limited
with losses under 0.38% of full load. The evaporation value
1s determined based on trial operation.

The 1nsulation of vessels with a modern and innovative
insulating material based on nanostructure gels based on
acrogel matenal according to the invention avoids the dis-
advantages of vacuum 1nsulation. High-tech nano-insulation
has extremely good insulating properties. Base material
formed aerogel, which has 1n 1ts structure of nano-size pores,
which trap molecules of air, which eliminates nearly three
modes of heat transfer-convection, -conduction and -radia-
tion and are also flame-retardant. At the same time the
material 1s mechanically stable at temperatures down to
—-200° C. These properties 1n the other traditional insulation
materials are not common.

The development of vessels with insulation based on
nanostructure gels enables the elimination of vacuum. The
advantages are directly i the field of the inner and outer
vessel shell, both are significantly lighter in weight that
means:

The direct material saving for a CRYOTAINER 34000
LNG/40' example 1s some 10.000 kg. This results 1n more
freight with one shuipment. It allows for faster production
procedures for material preparation and shorter time for
production.

Prefabrication of insulation material with a specialized
work group can reduce the insulation time and the overall
finalization of products.

The heat transfer from the ambient to the liquefied gas
presents a difficulty, a portion of liquefied gas 1n the vessel
1s evaporating, and introduction of eflicient insulation 1s
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essential. The introduction of 1nnovative solutions based on
nanostructure insulation materials provides also properties
other than insulation alone. These required properties are
resistance to low temperatures, fire resistance, light weight,
water repellence, vapor permeability and adequate handling
qualities.

The new technology allows for significant savings on

il

material and time of production, and 1n addition offers
safety. In case of mechanical damage of the outer shell 1n
nanostructure insulation prevents in contrast to conventional
vacuum continuous heat shielding and prevents immediate
evaporation in case ol vacuum collapse and extends by a
multiplier the available time for salvage. In vacuum vessels
the damage causes immediate rise of pressure 1n the vacuum
to the level of the atmosphere. With the rising pressure the
vacuum loses 1ts msulating properties and very fast evapo-
ration of liquetied gas takes place.

In case of direct fire exposure the new technology of
insulation prevents any rise of temperature in the media for
at least 120 minutes.

The family of cryogenic vessels for transport and storage
of liquefied gases 1s composed of stationary horizontal
vessels of 8600 to 27000 liters. In addition to the horizontal
there 1s a family of vertical vessels with 8600 to 15000 liters.
The family of transportable (intermodal) vessels m ISO
container frames 1s two models with 16800 and 32600 liter
volume.

The pressure vessel 1s composed of an mner shell and an
outer coat. The mtermediate space 1s filled with a combina-
tion of insulating maternials. The insulation from inside
towards outside 1s composed 5 from four to seven 10 mm
thick layers of cryogenic protection (in total from 80 to 140
mm) made of nanostructure insulating material (based on
acrogel). Every layer 1s compressed with bands, so that there
1s no space for air 1 between. After four or seven layers
there 1s a thermal shrink foil 10 of 0.038 to 0.12 mm thick.
This shrink fo1l has the role of a vapor barrier. The next four
to seven layers of insulation are installed. Every layer 1s
compressed with bands. The next thermo shrink foil 10 1s
installed. Toward the outer coat of the vessel expanded
insulation foam (thickness 30 to 50 mm) has to {ill out the
volds resulting from the deviations between the outer shape
and the piping installations. Directly under the outer coat
there 1s 6 to 18 mm {ire protection. The ntroduction of
insulation with at least 120 minute {ire resistance presents an
additional contribution to fire damage risk.

Existing vacuum insulated tanks have an outer shell made
of construction steel 1 Omm thick and reinforced with U
profiles 1 order to prevent the collapse due to outer pres-
sure. In the project developed nanostructure insulated ves-
sels have an outer coat of only 1 mm thickness of stainless
steel. The intermodal unit CRYOTAINER 34000LNG/40' 1s
some 10.000 kg lighter than comparable tanks with vacuum
insulation. The difference 1n environmental load in the
manufacture 1s significant it saves 10000 kg of steel and
climinates also the emaissions to the environment derived
from steel production. In stabile units the difference 1s equal
depending on the size of the vessel.

The stationary tanks are intended to replace the liquefied
petrol gas (LPG) that 1s in production directly connected to
the available crude o1l production. This product enables
direct replacement on the market 1n municipal areas where
there are no conditions established for a pipeline connection.

Embodiments, implementation cases, features and further
details of the present invention are explained 1n the follow-
ing on the basis of the drawings in which:
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FIG. 1 shows perspective views of a first embodiment of
a tank container according to the present mvention (Unit

CRYOTAINER 34000 LNG/40');

FIG. 2 shows perspective views of a second embodiment
of a tank container according to the present invention (Unit
CRYOTAINER 16800 LNG/20");\

FIG. 3 shows perspective views of an embodiment of a
storage container (Vertical stabile unit CARD 8600 LNG);

FI1G. 4 shows a further embodiment of a storage container
(Horizontal stationary unmit CARD 135600 LNG);

FIG. 5 shows the tank container of FIG. 2 including the
arrangements of supports i the frame without the insula-
tion;

FIG. 6a to d show details of the support structure of the
tank container shown in FIGS. 1, 2 and 5;

FIG. 7a, b show 1n a schematic manner the nanostructure
insulation arrangement on the stationary horizontal tank
shown 1n FIG. 3 also realized on the tank container accord-
ing to the present invention;

FIG. 8 shows a further detail of the msulation arrange-
ment of FIG. 7a, b;

FIG. 9 shows 1n a schematic manner a further embodi-
ment of a support structure for a tank container according to
the present mnvention;

FIG. 10 shows a perspective view ol a support structure
according to FIG. 6¢; and

FIG. 11 shows a detail of a support structure.

IMPLEMENTATION CASE 1

»Intermodal« tank container unit 100 CRYOTAINER
34000 LNG/40' (FIG. 1) 1s intended for the long range
transportation of liquefied natural gas and 1s assembled of
two horizontal vessels 110 of 16.800 liter clamped 1nto a
standard frame 120 for a 40-foot (~12 m long; in the
tollowing text as 40") container.

Each pressure vessel 110 1s horizontally embedded 1n the
standard ISO 40' container frame 120'. The pressure vessel
110 1s defined of an 1nternal shell 12 which 1s covered by an
external 1nsulation coating formed by a cover sheet 7. The
space between shell 12 and coating 7 1s filled with an 7
insulation arrangement 130 comprising a combination of
insulating matenals. (FIG. 7q, FIG. 7b). The insulation
arrangement 130 from the inside towards the outside con-
sists of at least one (two according to FIG. 7b) set 1315 of
several (ive with a thickness of 10-mm, as indicated in FIG.
7b) nanostructure msulation layers 11 of cryogenic insula-
tion based on an aerogel composition (total 100 mm). In the
present case, a composite material which contains homoge-
neous or heterogeneous aerogel phases with at least one
additive incorporated either into the gel matrix (e.g. during
synthesis) or added to the gel as a second distinct phase such
as fibers, blankets, a fleece or also by a subsequent modi-
fication by compounding. The insulation arrangement 130
shown 1n FIG. 7a 1in connection with the storage vessel 300
1s also applicable to the Tank container unit 100 and 100"

FIGS. 1 and 2 show optional insulation casings 135 which
completely surround the saddle structures 121 and tank
supports 30 described below.

Each layer 11 1s particularly well-compressed by means of
tapes 14 (see FIG. 8), that the individual layers 11 of
insulation are separated by a thin air space. Alter each five
layers of insulation an internally 1nstalled thermo-shrink film
10 1n the thickness of 0.05 mm 1s installed. The thermo
shrinkable film 10 acts as vapor barrier. Then there are five
additional layers 11 of insulation placed to insulate cryo-
genic temperature range. Each layer 1s compressed by means
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of strong bands 14. After a total of ten layers 11 again the
same thermo-shrinkable film 10 1s placed. Toward the outer
circumierence of the vessel coat the nsulation 1s followed
by a filling layer 9 based on expanded foam for filling the
gaps, which are the result of variations 1n the circumierence
ol the container 20 and built-in 1nstallations. Under the outer
coat 7 1s a 10 mm fire protection layer 8.

The outer coat layer 7 1s formed from thin metal sheets
which form a completely sealed enclosure of the mnsulation
arrangement 130 which serves as an additionally vapor
barrier. For this purpose the sheets of the coat layer 7 are
welded to each other and/or to a sutable substructure
connected to the frame (120) or to the vessel 110. The fire
protection layer 8 underneath serves as thermal shield during
welding which protects the components of the insulation
arrangement 130 underneath the fire protection layer 8.

The fire protection layer 8 may also be based on an
acrogel composition. Also, the filling layer 9 may also be
based on an aerogel composition, ¢.g. finely divided aerogel
pieces or crumbs of acrogel with typical diameters below 1
em for granules and 1 mm for powders which may be
provided 1 30 swtable bags, filled blankets or flexible
hoses.

FIG. 8 shows a further detail of the nsulation arrange-
ment 130. FEach insulation layer 11 i1s provided with a
thermal radiation shield layer 16 formed as metallic sheet
(e.g. aluminum) which 1s attached to the insulation layer 11.
Gaps 15 between adjoining insulation layers 11 (and radia-
tion shield layers 16) are sealed with a sealing tape 18 with
self sticking layer 19. Each gap 15 i1s also bridged 1n a radial
direction to vessel shell 7 a preceding and/or following
insulation layer 11 for improved insulation. The insulation
layers 11 are fixed and optionally compressed by surround-
ing tightening bands or tapes 14.

The 1nner shell 12 of the vessel 110 1s made of stainless
steel. The pressure vessel 110 1s equipped with 1nstallations
for the loading and unloading, pressure indication, level and
of the pressure control. The pressure vessel 1s built with two
safety relief valves, which prevent excessive increase in
pressure in the tank due to gasification of liquefied gas.

In the frame 120 of 40' tank container unit two pressure
vessels 110 of the same size are arranged horizontally along
a tank vessel axis 121. Each of these vessels 110 can be used
due to mstallation that 1s functioning independently.

Large temperature difference causes some material elon-
gation or in this case shrinkage. Temperature elongations
according to the mvention of the tank supports formed as
clamping devices 30 (see FIGS. 5, 6a to d) are neutralized
by using a specially mounted container. The mounting into
in a 15 container frame i1s designed so that it allows the
movement of containers vessel due to thermal shrinkage or
expansion. The vessel 110 1s mounted 1n a fixed frame 110
of the tank container 100. The vessel support legs 33 have
openings 37 (e.g. formed as elongated holes) that allow the
movement—shrinkage of the vessel due to temperature or
strain within the frame. Joint elements formed as screws 36
are tightened with a force that does not cause excessive
friction. Further suitable joint elements are bolt elements.

A specificity of such a support 30 1s the low thermal
conductivity, which 1s achieved by a sandwich structure
comprising a (first) steel plate element 34 which 1s welded
to a saddle structure 121 of the frame 120. Plate element 34
1s sandwiched between two (second) steel plate elements 33
welded to the tank vessel shell 12 via a doubler plate 35
(FIGS. 6a and 6c¢). Between the first plate element 34 and the
second plate elements 33 are insulation plate elements 32
arranged formed from suitable material having a low ther-
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mal conductivity and a suitable brittle resistance at very low
temperatures (e.g. PTFE (Teflon) or reimnforced plastic sheet

material ) which reduce the thermal conductivity between the
vessel 110 and the frame 110. Carbon steel (28 W/mK)
conductivity 1s much higher than a typical thermal conduc-
tivity of PTFE (0.23 W/mK) panels.

The whole sandwich structure of the clamping device 30
1s compressed by the joint elements 36, which penetrate
corresponding openings 37 of the plate elements 32, 33, 34.

As shown 1n FIG. 11 the cross sectional dimension of the
opening 37 exceeds 1n at least one direction the cross
sectional dimension of the penetrating joint element 36 to
reduce the contact 9 area between the joint element 37 and
the mner face of the opening 37. For this purpose the
opening 37 can be formed as an elongated hole (dashed
outline 37') or with a circular diameter exceeding a smaller
diameter of the joint element 36. The openings 37; 37" allow
for displacement movements 1 a longitudinal direction
Land 1n a radial direction R.

In the present case the compressing force 1s exceeded by
the head elements 38 of the joint element 36 formed con-
figured as bolts and the nuts tightened on the thread of the
bolt acting as a tie rod. Details of the reduction of thermal
bridge 1s shown 1n FIGS. 6a and 6b, with the structure
containing PTFE 1nsulation panels (formed as insulation
plate elements 34) and panels (acting as stabilizing plate
clements 31) made of metal (e.g. carbon steel). The 1nsula-
tion plate elements 34 and stabilizing plate elements 31 are
optionally provided to improve the insulation capacity of the
clamping device 30. Typically, such a pair of an msulation
plate element 32 and a stabilizing plate element 31 1s
arranged between the first 34 and the second plate element
33 or between at least one of the of the head elements 38 and
the first 34 and/or the second plate element 33. (see FIG. 6b)

In the arrangement shown 1 FIGS. 6a and 6d, the first
plate elements 34 are part of box shaped saddle piece 39
connected to the saddle structure 121 which 1s sandwiched
between 1nsulation plate elements 34 and the second plate
clements 33 connected to the vessel 110.

The plate elements 31, 32, 33 and 34 extend 1n a longi-
tudinal direction, parallel to a tank vessel axis 112. Depend-
ing of the cross sectional design of the openings 37 and the
corresponding joint elements 36 a controlled sliding move-
ment between the first plate elements 34 and the second plate
20 clements 33 1s possible at least at the supports 30 at one
end of the vessel which may occur due to thermal expansion
or contraction. As the plate elements 31, 32, 33 and 34 also
extend 1n a radial direction to the vessel axis 112 they also
allow for a radial displacement of the first plate element 34
relative to the second plate element 33.

FIG. 9 shows an embodiment in which the thermal
insulation between the frame 120 and the vessel 25 1s further
improved. A connecting plate 39 1s sandwiched between
insulation plate elements 34 and first plate elements 34 on
the vessel side and second plate elements 33 on the frame
side. Optional pairs of insulation plate elements 32 and
stabilizing plate 31 elements are also provided to improve
the msulation capacity of such a support. The connecting,
plate 39 1s fabricated from steel or a different suitable
material which meets the structural requirements necessary
to transier all operational (dynamic and static) loads
between the vessel and the frame.

IMPLEMENTATION CASE 2

Intermodal unit CRYOTAINER 16800 LNG/20' (FIGS. 2
and 3) 1s intended for local transport of liquefied natural gas
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and 1s composed of a horizontal vessel 110 of 16.800 liter
volume clamped into a standard 20-foot (some 6 m; vas 20
in the following text) frame 120",

Pressure vessel 110 1s horizontally embedded in the
standard ISO 40' container frame 120'. All 5 further features

and embodiments of the insulation arrangement 130, sup-
ports 30 and the saddle structure 121 described above in
connection with implementation case 1 also apply to the
tank container 100' with a single vessel 110 according to
implementation case 2 (FIGS. 2 and 3).

IMPLEMENTATION CASE 3

The vertical stationary pressure vessel 200 CARD 8600
LNG (FIG. 3) 1s intended for storage and distribution of
liquefied natural gas. The volume of the vessel 1s 8.600 liter
(the family extends from 8.600 to 15.000 liter). This vessel
presents a cost eflective alternative to local supply of cus-
tomers on low population density areas, where a pipeline
solution would prove not feasible due to high capital
involvement. The use of liquefied natural gas in supply of
medium and small consumers can present an option also for
the supply of vehicles 1n tratlic where it 1s one of the cleanest
and environmentally most favorable solutions. All further
features and embodiments of the insulation 130 described

above 1n connection with implementation cases 1 and 2 also
apply to the vertical stationary vessel 200 according to
implementation case 3.

IMPLEMENTATION CASE 4

The horizontal stationary pressure vessel 300 CARD
15600 LNG (FIG. 4) 1s intended for distribution of liquefied
natural gas. The volume of the vessel 1s 15.600 liter (the
family of vessels 1s 1n the range from 8.600 to 27.000 liter).
This vessel presents a cost eflective alternative to local
supply of customers on low population density areas, where
a pipeline solution would prove not feasible due 25 to high
capital involvement. The use of liquefied natural gas in
supply of medium and groups of small consumers can
present an option also for the supply of vehicles in traflic
where 1t 1s one of the cleanest and environmentally most
favorable solutions.
The vessel 1s supported by a foundation msulated with
foam glass. All further features and embodiments of the
insulation 130 described above 1n connection with 1mple-
mentation cases 1 and 2 also 30 apply to the horizontal
stationary vessel 300 according to implementation case 4.
The following features are realized at least partly 1n the
implementation cases described above and specifically in the
tank container 100, 100" according to the present invention.
1. The cryogenic equipment or device 100, 100" for
transport and storage of liquefied gas 1s 1dentified with the
basic means of insulation the cryogenic insulation 1s used,
predominantly nanostructure insulation based on aerogel
and that there 1s no need for vacuum or below atmospheric
pressure.
2. The cryogenic device 100, 100" from point 1 1s 1den-
tified by the insulation between the mnner shell 12 and outer
coat 7 1s composed from the following components:
a. The layer close to the iner vessel shell 7 includes from
7 to 14 layers 11 of cryogenic isulation i a total
thickness of 80-40 mm:

b. Optionally a foil 16 enveloping or separating the layers
11 of cryogenic insulation one or more thermo shrink
foils 10 are placed 0.038-0.12 mm thick or some other
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clement that serves as vapor protection and as a sepa-
ration layer during eventual possible dismantling of the
cryogenic isulation;

c. Optionally layers of insulation foam 9, preferably
expanded foam in the thickness of 30-50 mm, that will
{11l the void to the fire protection (8);

d. Optionally a layer 8 of fire protection follows 6-18 mm
thick, preferably nanostructure aecrogel, which 1s fixed
to the outer coat 7.

3. The cryogenic device 100, 100' in point 1-2 1s 1identified
with the with evaporation rates of less than 0.36% of full
load per day.

4. The cryogenic device 100, 100" in point 1-3 1s 1dentified
with the property of fire resistance preventing the tempera-
ture to rise, 1s at least 60 minutes preferably 120 minutes

5. The cryogenic device 100, 100' 1n point 1-4 1s identified
with the volumes of containerized tanks are 16.800 liter and
32.600 liter.

6. The cryogenic device 100, 100" 1n point 1-4 1s identified
with the volumes of storage tanks 30 110 are 8.600 liter in
2'7.000 liter

7. The cryogenic device 100, 100' in point 1-5 1s 1dentified
with the clamping 30 1n the ISO container 1s executed so that
it enables free movement of the shrinking.

8. The cryogenic device 100, 100' 1n point 7, 1s 1dentified
with the clamping on one side front or back of the vessel 110
to be fixed, on the other end of the vessel 110 1s not fixed but
the screws 36 have space to allow deviations by means of
clongated bores 37 and with screws 36 tightened with low
force that prevents most friction.

9. The cryogenic device in point 8, 1s identified with
specific clamping 30 where for maximal effect the clam 1s
insulated with PTFE insulation plates 32 and carbon steel
plates 31.

The method of nsulation of cryogenic devices 1s not
based on conventional vacuum insulation but on nanostruc-
ture msulation 130.

10. The procedures to minimize the effect of the fixing of
the vessel to the outer coat 7 1s designed on the reduction of
the heat conductivity of the support 30,—prolonged heat
conduction path,—smaller contact surfaces,—correspond-
ing mechanical resistance and rigidity that 1s obtained in the
following way:

a. More blades 31 of thin sheet on the cold side;

b. More blades 31 of thin sheet on the warm side;

c. Separation—the space between the blades 1s separated

with a layer 32 of fitting PTFE;

d. The screw joint 38 1s protected against loosening, since
the sole function 1s prevention of separation or dislo-
cation of the joint.

The 1invention claimed 1is:

1. A tank container comprising a vessel covered by a
thermal 1nsulation arrangement, and a framework; wherein
the vessel 1s connected to the framework by a clamping
device which comprises a sandwich structure with at least
one first plate element connected to the framework, at least
one second plate element connected to the vessel, and at
least one thermally insulating plate element arranged
between the first and the second plate element, wherein the
first, second and thermally insulating plate elements each
have at least one opening, and wherein the first, second and
thermally insulating plate elements are interconnected by a
joint element traversing corresponding openings of the first,
second and thermally insulating plate elements, wherein the
thermally insulating plate reduces a thermal bridging effect
between the vessel and the framework, wherein the sand-
wich structure comprises at least one stabilizing plate ele-
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ment arranged between the first and the second plate ele-
ment; wherein the stabilizing plate element 1s not directly
connected to either the vessel or the framework.

2. Tank container of claim 1, wherein the dimensions of
the openings 1n the first plate element and/or the second plate
clement exceed 1n at least 1n one direction a cross sectional
dimension of the traversing joint element, thereby allowing
for a movement between the first plate attached to the
framework and the second plate attached to the vessel.

3. Tank container of claim 1, wherein the insulation
arrangement comprises at least one insulation layer which
comprises aerogel.

4. Tank container of claim 3, further comprising at least
one outer cover sheet enclosing the insulation arrangement.

5. Tank container of claim 4, wherein the insulation
arrangement comprises at least one insulation layer set
comprising at least two insulation layers which comprise
acrogel and at least one radiation shield layer between the at
least two 1nsulation layers.

6. Tank container of claim 5, wherein the insulation
arrangement comprises at least two insulation layer sets
comprising aerogel 1nsulation layers and at least one radia-
tion shield layer, and at least one vapor barrier layer between
the at least two 1nsulation layer sets.

7. A tank container comprising a vessel covered by an
insulation arrangement, and a framework; wherein the ves-
sel 1s connected to the framework by a clamping device
which comprises a sandwich structure with at least one first
plate element connected to the framework, at least one
second plate element connected to the vessel, and at least
one 1sulating plate element arranged between the first and
the second plate element, wherein the first, second and
insulating plate elements each have at least one opening, and
wherein the first, second and insulating plate elements are
interconnected by a joint element traversing corresponding
openings of the first, second and insulating plate elements,

wherein the sandwich structure comprises at least one pair

of sandwiching plate elements which sandwich the first
and second plate elements, at least one head element
external to each sandwiching plate element, at least one
insulating plate element arranged between at least one
of the head elements and the corresponding sandwich-
ing plate element, wherein the joint element secures the
sandwich structure by traversing corresponding head
clements and sandwiching plate elements.

8. A tank container comprising a vessel covered by an
insulation arrangement, and a framework; wherein the ves-
sel 1s connected to the framework by a clamping device
which comprises a sandwich structure with at least one first
plate element connected to the framework, at least one
second plate element connected to the vessel, and at least
one 1sulating plate element arranged between the first and
the second plate element, wherein the first, second and
insulating plate elements each have at least one opening, and
wherein the first, second and insulating plate elements are
interconnected by a joint element traversing corresponding
openings of the first, second and insulating plate elements,

wherein the insulating plate element 1s manufactured from

a fiber reinforced plastic material comprising a PTFE
material.

9. Tank contamner comprising a vessel covered by an
insulation arrangement, and a framework; wherein the ves-
sel 1s connected to the framework by a clamping device
which comprises a first sandwich structure with at least one
first plate element connected to the framework, a second
sandwich structure with at least one second plate element
connected to the vessel, and a load-bearing connecting plate
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extending 1n parallel to the first and second plate element
and having a first end overlapping the first plate element and
a second end overlapping the second plate element; wherein
the first sandwich structure comprises the first plate element
interconnected to the first end of the load-bearing connecting
plate by at least one joint element traversing the first plate
clement and the load-bearing connecting plate, and at least
one insulating plate element arranged between the first plate
clement and the load-bearing connecting plate; and wherein
the second sandwich structure comprises the second plate
clement interconnected to the second end of the load-bearing
connecting plate by at least one joint element traversing the
second plate element and the load-bearing connecting plate,
and at least one 1nsulating plate element arranged between
the second plate element and the load-bearing connecting
plate.

10. Tank container of claim 9, wherein the insulation
arrangement comprises at least one mnsulation layer which
comprises aerogel.

11. Tank container of claim 10, further comprising at least
one outer cover sheet enclosing the msulation arrangement.

12. Tank container of claim 11, wherein the insulation
arrangement comprises at least one insulation layer set
comprising at least two insulation layers which comprise
acrogel and at least one radiation shield layer between the at
least two 1nsulation layers.
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13. Tank container of claim 12, wherein the insulation
arrangement comprises at least two insulation layer sets
comprising acrogel 1nsulation layers and at least one radia-
tion shield layer, and at least one vapor barrier layer between
the at least two 1nsulation layer sets.

14. Tank container of claim 9, wherein the first sandwich
structure comprises at least two {first plate elements, and
wherein the first end of the load-bearing connecting plate 1s
arranged between the at least two {first plate elements.

15. Tank container of claim 9, wherein the second sand-
wich structure comprises at least two second plate elements,
and wherein the second end of the load-bearing connecting

plate 1s arranged between the at least two second plate
clements.

16. Tank container of claim 9, wherein the first sandwich
structure comprises at least two {first plate elements, and
wherein the first end of the load-bearing connecting plate 1s
arranged between the at least two {first plate elements; and
wherein the second sandwich structure comprises at least
two second plate elements, and wherein the second end of
the load-bearing connecting plate 1s arranged between the at
least two second plate elements.
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